Furthermore, simulation using ANSYS Maxwell on the electric field distributions of the electrode systems was also performed. In order to quantify electric field based on the finite element methods the ANSYS Maxwell was being utilized. In the simulation, the palm oil and mineral oil properties of its 2D modelling test cell was used. From the results, the PD characteristics of mineral oil and palm oil tested by needle-plane electrode system are known. To confirm the suitability of palm oil as a high voltage insulating medium, it is vital to analyse indepth on its partial discharge activity and characteristics.
I. INTRODUCTION
Mineral oil is known as one of the most crucial dielectric liquids used for high voltage equipment. Since the production of the first commercial liquid-insulated transformer, mineral oil has been utilized till date [1] . As of today, its usage as an insulating material of transformer is extensively available. Numerous factors may affect the quality of the mineral oil, for instance; moisture, electrical stress, particle, thermal stress, and other factors [2] . Different aspects were studied for many years by different group of researchers such as the safety or environmental, ageing, and electrical performance of vegetable oil. An achievement using transformer filled with vegetable oil at different voltage level has been reported [3] . Non-toxicity and highly biodegradable are among the attractive features of vegetable oils, in which, it possesses low risk to the environment in the event of spillage occurrence. As such, vegetable oil is likely to have more in-service operating safety than mineral oil in terms of its high flash and fire points.
The ageing rate of cellulose insulation could have been reduced by using vegetable oil, for example, the natural ester through its water scavenging and hydrolytic protection mechanism [4] . Besides natural ester, another type of vegetable oil that could be used as dielectric insulating fluid in transformers is palm-based oil. The resemblance of chemical characteristics of palm-based oil is close to natural ester. For instance, in terms of its biodegradable characteristic; high fire and flash point; and non-toxicity. This is due to the fact that most of the palm-based oil is from food grade type [4] .
II. THEORY

A. Partial Discharge
Insulation deterioration in transformers could be caused due to Partial Discharge's (PD) symptom [5] . If the electric field surpasses the threshold values, PD would occur. It subsequently lead to partial breakdown of the surrounding medium. PD contributes in the acceleration of thermal ageing and degradation of the insulating oil. When discharges initiated, the surrounding insulation would be degraded. It leads to the propagation from the local area to the bulk fluid and eventually to its complete breakdown. PD's characteristics are extremely crucial in determining the long-term electrical insulation strength of liquid dielectric medium. In order to retain the condition of transformer oil; therefore, continuously observation is needed. PD measurement is being used as one of the methods to monitor oil condition in transformer. The test set-up and procedure for PD measurement of high voltage equipment has been introduced by IEC 60270 [6] . Enhanced understanding on the PD measurement technique, as well as the background and additional information for PD measurement are described in-depth by [7] . PD signals in accordance to IEC method were detected using Doble LDS-6 Partial Discharge Measuring System. The Doble LDS-6 is known for its highly sophisticated digital measuring system for partial discharge detection and analysis. It is a reliable and valuable partial discharge measuring tool for factory and laboratory testing. Fig. 1 shows the PD detection device of Doble LDS-6. Before the test started, both calibration and measurement of the PD experiment system and its background noise are needed, respectively. Fig. 2 shows the Doble LDC-5 Calibrator. The calibration of the Doble LDC-5 PC based PD detector could be done via calibration of both the PD amplitude and its voltage readings. The output for calibrating pulse charges are as follows: 5-, 20-, 100-, and 500 pC. A 100 pC PD signal could be applied to the test vessel once the PD calibrator was connected in parallel to the test vessel. In order to see whether it reaches 100 Pc, the PD detector would be used to check and calibrate the measured signal. The PD calibrator, in due course, shall be removed and a 30-kV voltage would be applied to the test vessel. The measured voltage from the PD detector was checked and adjusted until the voltage reading matches. 
B. Partial Discharge Inception Voltage
In many cases, some researchers are likely to use Partial Discharge Inception Voltage (PDIV) as an alternatively important indicator for representing the integrity of the liquid insulation. Since PDIV could be used as indicator to dictate the condition of insulating liquid, discussion on both the test method and electrode configuration for PDIV measurement is developed without cessation. According to IEC 61294, the PDIV measurement could be carried out [8] . A number of researchers, however, examined the PDIV using different test method and electrode configurations. The definition of PDIV of an insulating liquid based on [8] is, 'the lowest voltage, in which, an apparent charge occurs equal or exceeding 100 pC when the sample is tested under the specified conditions'.
The study herein describes the feasibility study of the needle-plane electrode system for PDIV measurement of both the mineral-and palm oil as insulating liquid, respectively. In experimental test, Hyrax the mineral oil was used and on the other hand, Refined, Bleached and Deodorized Palm Oil (RBDPO) with volume of oil 2 L represented the oil. This paper focuses on the experimental investigation of PDIV measurement of the mineral oil, Hyrax, and palm oil under diverse gap distances of needle-plane electrode arrangements.
The first test method was carried out with ramp rate of test voltage of 1 kV/s until PDIV initiated. Meanwhile, for the second test method, a combinatory method was performed as comparative PDIV test technique for this experiment. Upon this combinatory method, the test voltage was applied to the tested object with the rate of 1 kV/s until 70% of the PDIV value was obtained from the first test method [2] [9] . Eventually, the test voltage was increased in steps with 1 kV/step with step duration of 1 minute until PDIV was obtained with PD charge 100 pC (in accordance to IEC [8] ). The PDIV was then recorded. Each electrode configuration was tested ten times with the rest time between consecutive tests was set to 5 minutes each. Finally, the mean value for PDIV was calculated.
C. ANSYS Maxwell
A high end interactive tool ANSYS Maxwell uses Finite Element Analysis (FEA) in order to unravel electric and magnetic simulations. Upon having definitive results, Maxwell solves the electromagnetic field issues via solving Maxwell s equations in a finite region of space with suitable boundary settings as well as user specified settings [10] .
All simulations in this research were performed using Maxwell 2D with the solvers categorized under electric solution types; i.e., AC Conduction Field Solver. This solver in a material possessing both conductive and dielectric properties reckons the AC voltages and current density distribution when excited with AC voltages [11] . The admittance matrix and current flow could be quantified from the calculated fields.
III. EXPERIMENTAL TESTING
The experiment was divided into 2 parts. The first part was electric field simulation of the electrode systems whereas the laboratory experiment was carried out as the latter one. The latter experiment aimed to examine the effect of electrode configurations and the effect of oil conditions on PDIV and PD activities. The list of the PD tested procedure could be seen as below.
A. Electric Field Simulation
The Finite Element (FEM) simulation was performed to quantify the electric field stress of the needle-plane electrode. In this research, its initial simulation used high voltage that has been injected to 80 kV. The sketch of the test cell model in two-dimensional (2D) axial symmetric ANSYS software is shown in Fig. 3 (a) . The said model has been built in axis symmetric cylindrical about Z-axis. If it is swept with 360° around the Z-axis of a cylindrical coordinate system, the 2D geometry resemblances the original model ( Fig. 3 [b] ). The electrode of needle and plane, with regards to its type of material, are built up from copper with relative permittivity ( r ) of 1 and the bulk conductivity is 58e6 Siemens/m. In addition, a cylinder is reserved as acrylic with r of 3.6. The properties of mineral oil and palm oil applied in the simulation are shown in Table 1 . The ADTR-2K Plus was used to gather these data that is equipped with fully automatic dielectric constant, tan delta, and resistivity test set. 
B. Experimental Test Setup
The set-up of disposition of test circuit for PDIV and PD activity was in accordance to IEC method (Fig. 4) . In order to energize samples with the power frequency of 50 Hz and coupling capacitors of 1000 pF, respectively, a discharge-free AC voltage transformer (50 kV/350 kVA) was implemented. The test circuit was also connected to voltage divider of 600 pF. Connecting a Doble LDS-6 around the ground that is connected to the test cell enabled the PD signals being picked. Doble LDS-6 a clip-on tool clamped around the ground lead has a bandwidth of 50 MHz frequency and adequate to cover the whole range of PD.
C. Electrode Configuration
The simulation of PD, in the current work, utilized a needle-plane electrode configuration. The test cell with needle-plane electrode disposition is shown in Fig. 5 . The high voltage electrode utilized 50-m needle tip radius whereas for the grounded electrode, copper plane electrode with a 50-mm and 75-mm diameter was used. The needle-plane electrode 
D. Drying and Moisturizing of the Test Oil
The dried test oil was hold by a 2 L beaker. The test oil originated from a dried-out plant for 2 days (48 hours) was allowed to dry at 85 °C in an oven. The samples were left unattended for a day (24 hours) at ambient temperature before it was further analysed. As a matter of fact, the moisture content in the samples could be minimized by drying.
IV. EXPERIMENTAL TEST RESULT
In comparison to analytical equation, ANSYS Maxwell provides accurate values with respect to the electric field simulation. On top of that, it also allows the prediction region for PD advances which possesses maximum field direction value. These results were in conformance to the previous results obtained experimentally. 
A. Electric Field Distribution
The image for electric field vector or lines is sketched clearly in Fig. 6 in order to have in-depth understanding of the movement of electric field. This could portray the estimated size and strength of the field after applying the voltage. At any point, the field vector granted the direction of the field at the point. The strength of the field was represented by the vector's colour. The electric field's movement is from the needle tip to the plane. a) 75mm plane b) 50mm plane 
1) Effect of different gap distances
In order to see the effect on electric field, the electrode setup and gap spacing were simulated. The simulation findings for electric field computations were performed through ANSYS Maxwell with various gap spacing of 30-, 40-, and 50 mm (Fig. 7) . Moreover, the simulation results revealed clearly the presence of electric field around the needle tip and plane after subjected to high voltage. Table II shows that mineral oil possesses strong electric field intensity for plane's diameter of 75 mm with 30 mm gap (14.1 kV/m); followed by palm oil (13.88 kV/m). The results depicted in Fig. 8 clearly reveals the effect of alterations in distance to the electrode, in particular, the electric field values along the gap axis of the needle and plane. The colour code of electric field derives from the simulations is indicated as follows: red (the strongest field); yellow to green (intermediate); blue (weak); and disappear slowly as the field diminishes in magnitude. Higher electric field, indicated with red colour, was found in mineral oil at the tip and near to the end surfaces of electrodes. FEM, technically, could perceive the maximum electric field between electrode arrangements by showing that the breakdown could accelerate. 
2) Effect of different size of diameter plane electrode
Various diameter plane electrodes were applied under high voltage in order to simulate the distribution of electric fields (Fig. 9) . As a matter of fact, the stress is found to be concentrated near the needle tip and the edge of the plane electrode. In comparison to Fig. 10 , the 75 mm plane electrodes showed the highest electric field magnitude that is 13.88 kV/m; followed by the 50 mm plane electrodes (13.58 kV/m). This explains why under small plane electrode the inception field of PD is the lowest in contrast to long plane electrodes. Applying higher voltage is a must if the electric field's magnitude is low. On the contrary, when applying higher electric field's magnitude, more ionization could be initiated. The maximum charge magnitude, hence, becomes higher. 
3) Mesh
Determining a mesh to the model was carried out after the development of geometry. In order to acquire the level of accuracy in the computational field, the mesh is automatically refined in ANSYS Maxwell. A comparison between various gaps and the mesh geometry of the model including partial discharge i.e. treeing channels is shown in Fig. 11 . It is as the result of the presence of stress on insulation under high voltage. During partial discharge, mesh geometry reveals the condition. Its failure, after stress, is due to the presence of high voltage. The treeing like structure under stress condition of partial discharge process for gap distance of 30 mm is likely to be more stressed at the needle tip and could be found on the plane corner. Stress region would result in more PDs; therefore, leading to final insulation failure. 
B. Experimental Test Result
After applying the voltage, PD signals were quantified under stable condition. In order to conform with 95% of confidence level, a set of 10 PD measurements were investigated at each voltage level. PDIV, in this test, is defined as the voltage whereby the apparent charge of PD is higher than 100 pC. Various electrode systems were investigated to record both the mineral oil's PDIV values and PD charge quantities (Q IEC ), respectively, at PDIV level for 1 minute as shown in Table III. Based on Table III , the data for PDIV experiment which utilizes 50 m tip radius needles with the gap spacing of 30 mm was seen limited at some specified tested values. This is caused by the breakdown phenomena that is likely to happen during the experiment. Only after a PD trend of partial discharge was clearly seen, the test voltage would be ceased once the PDIV is noted. The palm oils with plane diameter of 50 mm, as shown in the result, possessed higher PDIV (36 kV) when compared to mineral oil PDIV (16.4 kV). From the experiment, the Q IEC value of the oil was obviously rely on the high voltage applied. The applied voltage is directly proportional to the Q IEC value; the higher the voltage is, the intensified the QIEC value would be. The PD pattern data with different gap distances for both mineraland palm oil is shown in Fig. 12 . It was performed using needle-plane with the configuration of 75 mm plane diameter. As a matter of fact, significant inclination was found in PD's activity for mineral oil as compared to palm oil. V. CONCLUSION
In conclusion, a development of two-dimensional model of a needle-plane liquid material has been described via Finite Element Analysis (FEA) software ANSYS. The simulation of electrical field distribution for all types of the electrodes and gap has been successfully performed. In the model, the FEA managed to solve the issue with regards to the electric field. Dynamically, simulation of the PD's activity for various voltage application has been developed through the model. Certain parameters, in the said model, were found to be dependent on various gap distances and stresses applied. Moreover, under high-applied voltage, the magnitude of electric field surrounding the tip and the size of the electrode affects the PD characteristics directly. PD within insulation liquid is in proportion to the frequency of the applied voltage as local conditions differ with frequency. As the applied voltage increased, so does the electric field. The PD was found to be in placed around the peak of the applied voltage-in this study. In fact, PD existences were directly proportional to the instantaneous applied voltage. The PD model in needle-plane electrode for mineral oil possessed much PD than palm oil as seen in the experimental results. It is indicated that palm oil has the potential for high voltage electrical insulation applications. This eventually would further enhanced in-depth research over these vegetable oils. The environmental conditions affecting the experimental results when conducted on different days or hours are namely, the changes in weather and also the utilization of high voltage electrical equipment with other experiments on-going around the place. 
